sophisticated aspects of Lévi-Strauss's intellectual legacy, whereas Amir D. Aczel's popular book on Bourbaki has been included because of the large place given to Lévi-Strauss in it.
Lévi-Strauss is a bricoleur who during his extraordinarily long career has made use of the most diverse intellectual tools that happened to be available to him. After conducting ethnographic fieldwork in Brazil in 1935 through 1939, he became a foremost theoretician systematizing the mythologies of the world. In 1939, he returned to France to take part in the war effort. After the French capitulation, he was forced to flee -being of Jewish ancestryto the United States. New York's Greenwich Village became an intellectual hub where many European émigrés came together. Along with Jacques Maritain, Henri Focillon, and Roman Jakobson, he was a founding member of the École Libre des Hautes Études, a sort of university-in-exile for French academics. He was much influenced by the linguistic theories of Ferdinand de Saussure and Roman Jakobson. His basic notion of mythe`me, an irreducible kernel of a myth, can be traced back to the Saussurean concept of phone`me. Lévi-Strauss was inspired by structures of music as well. His major work Mythologiques compares in its four-fold structure with the tetralogy of Richard Wagner.
It is less known -and not always well-understood -that mathematics played a certain role in the unfolding of structuralism as an intellectual movement, to the point -as is vigorously claimed by Aczel -that we should count the mathematician André Weil as one of its founding fathers. Lévi-Strauss rubbed shoulders with Weil in New York and helped to organize a temporary position for him at the University of São Paulo. Weil stayed in the United States whereas Lévi-Strauss returned to France and defended a thesis on elementary kinship structures at the Sorbonne in 1949.
Kinship Rules Modeled by Group Theory
Lévi-Straussian models are often rough versions of mathematical structures, assembled by bricolage out of pieces of ethnography. It seems that presenting rough theories was enough for Claude. The act of creating structural anthropology was the precise mathematical resolution to the problem of kinship rules of certain aboriginal tribes of Australia. At the request of Lévi-Strauss, André Weil wrote a famous appendix to his book Les structures e´le´mentaires de la parente´, which appeared in 1949. Weil applied abstract modern algebra to reveal the underlying mathematical structures that define the apparently complicated kinship rules of certain indigenous tribes.
Aczel fails in clearly explaining why and how group theory should play a prominent role in the study of kinship. The group-theoretical analysis of the kinship rules of the Murngin tribe of Northern Australia, which Aczel tries to survey, is somewhat contorted and not easily summarized; moreover, its validity has been questioned (Cargal 1996) . So let us consider another textbook example: A Western Australian tribe of aboriginals, the Kariera, is composed of four clans: the Banaka, the Karimera, the Burung, and the Palyeri. To simplify, let us denote A = Banaka, B = Karimera, C = Burung, D = Palyeri. The Kariera society strives to maintain and regenerate its system of clans. The possible marriages of everyone and the clans of the newborn are determined by time-honoured rules, which ethnographic fieldwork has revealed:
Rules of marriage:
• A and C may marry • B and D may marry Rules of descent:
Let S = {A,B,C,D} denote the set of clans. We shall consider various functions on S. Let e = Id S : S ? S denote the identity function. Let f : S ? S denote ''the conjugal function''. The marriage rules are expressed as:
We readily notice that f f = e.
To describe the rules of descent, let us introduce two more functions on S :
The maternal (resp. paternal) function m : S ? S (resp. p : S ? S) associates to the clan of the mother (resp. father) the clan of the child. By inspection, we notice that m m = e and p p = e. Furthermore, it is not difficult to show that m f = p and f m = p.
A mathematician now recognizes that the set of functions K = {e, f, m, p}, which contains all the information about the rules of kinship of the Kariera, has the structure of the classical Klein group -a remarkable discovery in its day. Many other tribes with analogous kinship rules have been identified. For instance, on the island of Malekula, in the Republic of Vanuatu, there is a tribe with six clans; their kinship rules are summarized by the dihedral group of order 6. In Northern Australia, a kinship structure determined by a group of order 8 occurs among the Warlpiri. Topics such as these are standard in ethnomathematics (Ascher 1994).
Structuralism teaches us that the elements of a system under study are unimportant -only the relationships and structures among them are significant. This idea is at the heart of structuralism. To return to the example of the Kariera, we can analyze the kinship rules abstractly and read off various statements in ordinary language. For instance, the statement m(m(X)) = X = p(p(X)) means that ''every child belongs to the clan of his or her maternal grandmother as well as to the clan of his or her paternal grandfather''. As for marriage rules, f m = p implies that ''a man may marry his daughter to a son of his sister''.
The Lévi-straussian Canonical Formula
The next instance of group theory in Lévi-Strauss's thought was the introduction of the ''Canonical Formula'', (Lévi-Strauss 1955). Sometimes also called the ''Double Twist Formula'', it is the topic of the volume edited by Pierre Maranda, a renowned Canadian anthropologist.
The Canonical Formula (hereafter CF) is the boldest among Lévi-Strauss's applications of mathematics to anthropology. It was revealed to him as a potential unifying principle for a classification of South American myths.
The CF is usually expressed as
The statement is left deliberately vague. Countless interpretations have been offered over the years. Maranda's volume -which contains one paper by Lévi-Strauss himself -aims to bring order into the bewildering literature. In the literature of structural anthropology, the variables in parentheses (e.g., a and b on the left-hand side of the CF) are called characters whereas the variables appearing as lower indices (e.g., x and y on the left-hand side of the CF) are called functions. Typically, F x and F y represent antithetic oppositions, for example, virtuous action as opposed to evil action. The formula requires that one of the variables a has an ''inverse element'' a -1 , which we might call, loosely speaking, its ''twist''. Moreover, the formula also requires that one of the functions y of the left-hand side can become a character on the right-hand side or, loosely speaking, its role can be ''twisted''. This explains the nickname ''Double Twist'' sometimes given to the formula. The function x remains invariant: its role does not change. The CF deploys a mediation mechanism through the ''polysemic operator'' b, which can subsume the antithetic modes F x and F y . In mythology, for instance, a ''trickster'' could play such a role.
Lévi-Strauss himself remained conspicuously silent about his formula of 1955 for a long while. In the 1960s, the topic was developed by Pierre Maranda together with his Finnish-born anthropologist wife Elli-Kaija Köngäs, who passed away prematurely at the age of 50; the American Folklore Society has devoted a prize to her memory. They jointly conducted fieldwork among the Melanesian Lau people in the Solomon Islands. Their joint book on the CF was an outcome of Thomas A. Sebeok's seminar at the University of Indiana, Bloomington (Köngäs-Maranda, et al. 1971) ; a preliminary version appeared already in 1962.
The CF has sometimes been dismissed as a pipe-dream. For Sir Edmund Leach, a British detractor of Lévi-Strauss, his formula was but ''a meaningless abracadabra''. One may wonder, indeed, whether it belongs to the realm of impostures intellectuelles, which is not entirely absent in some excesses of ''French theory'' (Bricmont, et al. 1997) . Reassuringly, the CF can be interpreted from the point of view of formal mathematics. We shall follow here the exposition of Morava (2003) .
A first observation is that the CF is intrinsically unsymmetric. The Double Twist, whatever its interpretation, seems to work only in one direction: it is not required that the character b have a ''twist'', nor that the function x have a sensible interpretation as a character. Therefore, the double colon symbol : : can hardly be understood as an equivalence relation. Its proper interpretation should be as a transformation relation; in more standard mathematical notation, this might be written as
The existence of such a transformation turning the left side into the right does not preclude the transformation from being an equivalence; all it does is to allow us to regard the axiom of symmetry as optional. Lévi-Strauss says nothing about the quantifiers of his formula. It is left unspecified whether the formula is intended to hold for every object in an appropriate class, or perhaps only that some object exists, for which the relation holds. A mathematician would paraphrase the formula as follows:
''In a sufficiently large and coherent body of myths we can identify characters a and b, and functions x and y, such that the mythical system defines a transformation which sends a to b, y to a , and b to y, while leaving x invariant.''
We now turn to an interpretation of the CF in terms of a specific mathematical structure, namely as a certain anti-automorphism of the quaternion group of order eight Q ¼ AE1; AEi; AEj; AEk f g :
An anti-automorphism of Q is an invertible transformation, which reverses the product of any two elements. For instance, the transformation k : Q ? Q, which sends i to k, j to i -1 = -i, and k to j, is an example of such a transformation. To check this, let us compute, for instance,
